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Purpose: The purpose of this study was to assess patient interest and willingness to pay
(WTP) for teleophthalmology services, whose benefits include improved healthcare access
and potential cost savings.
Patients and Methods: Cross-sectional study of 215 patients attending a single tertiary
center to assess their interest in teleophthalmology. Comparisons between those interested
and those not interested were conducted; logistic regression was used to evaluate the effect of
price on interest.
Results: Two thirds (66.5%) of patients were interested in teleophthalmology instead of inperson clinic visits. Those interested were significantly younger than uninterested patients
(48.8±22.7 vs 62.4±18.3 years) and were more likely to miss work to attend clinic, own both
a computer and smartphone, have experience with video conferencing, and use the internet
frequently (all P<0.05). Interested patients were also more likely to indicate time and cost
savings, as well as improved follow-up testing, compared to uninterested patients (both
P<0.001). Overall, 70.4% of interested patients expressed WTP out-of-pocket for teleser
vices, especially at low (<$14 US dollars) and moderate-high (>$28) price points. Higher
level of education was associated with WTP (OR=2.31, 95% CI 1.05–5.06; P=0.037).
Conclusion: Most patients were interested in teleophthalmology services, especially if they
were young, would otherwise miss work, and were familiar with electronics, video confer
encing, and internet use. Most interested patients expressed WTP out-of-pocket. Targeting
factors related to teleophthalmology interest may increase patient use and enhance commu
nication, thereby improving healthcare access and follow-up.
Keywords: remote consultation, telemedicine, teleophthalmology, adherence to follow-up
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Limited patient access to medical care poses a population health challenge, espe
cially during public health crises such as the 2019 coronavirus disease (COVID-19)
pandemic.1,2 In-clinic examination allows ophthalmologists to closely examine
microscopic ocular structures for pathology, but limits access to care for those
who live far from an ophthalmology clinic. Furthermore, during the COVID-19
pandemic, social distancing requirements may make patients and providers hesitant
to undergo and perform medical examinations in clinic rooms with limited space.
Previous studies have demonstrated that patients who live further from urban
medical centers are less likely to receive eye examinations,3 and in diseases such
as glaucoma, more than 30% of patients do not return for recommended follow-up
tests,4–6 preventing optimal management. Telemedicine employs video conferen
cing to deliver medical care and testing remotely using internet-connected devices.
Patient Preference and Adherence 2021:15 2335–2341
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Potential benefits of telemedicine include improved access
to care, patient monitoring, efficiency, resource savings,
and follow-up.7–11
Multiple studies have described the benefits of teleme
dicine in ophthalmology (teleophthalmology).12–14
Advancements in digital fundus photography10 and intrao
cular pressure measurement without the need for anes
thetic eyedrops,15 coupled with the ubiquity of mobile
devices, hold significant potential to improve delivery of
primary and specialized ophthalmic care, which in certain
cases reduces the need for in-person visits to medical
facilities.2,16–21
The constantly increasing capabilities of internetconnected devices have made telemedicine increasingly
feasible to implement in routine healthcare. Israel
ranks second in the world in smartphone ownership, with
88% of the public owning smartphones.22 This widespread
mobile device ownership presents a unique opportunity:
by implementing a telemedicine system that focuses on
patient-owned devices as opposed to specialized devices
(ie ones provided by the healthcare network), the cost of
implementing a telemedicine system may be greatly
reduced. This study investigates patients’ attitudes towards
and willingness to pay for teleophthalmology services.

Materials and Methods
This cross-sectional study was approved by the
Institutional Review Board (IRB 0089–17-TLV) at Tel
Aviv Medical Center (Tel Aviv, Israel) and adhered to
the tenets of the Declaration of Helsinki. This research
was conducted at the Tel Aviv Medical Center
Ophthalmology outpatient clinic prior to the COVID-19
pandemic. In the waiting room prior to their visit, patients
provided written informed consent and were given an
anonymous questionnaire by medical students to assess
their interest in teleophthalmology. Patients did not receive
a stipend for participating.
Telemedicine services were defined as audio-visual
communication obtained directly from home with the doc
tor. Telemedicine visits could include answering questions,
or actual virtual consultation. In some cases, a patient
could send the ophthalmologist a photograph of an exter
nal finding (for example, hordeolum of the eyelid, hyper
emia etc.) taken at home, while in other cases, the patient
should obtain a fundus photograph or other ancillary diag
nostic tests prior to the telemedicine visit, depending on
the subspecialty and specific case.
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Queried data included demographical data (eg level of
education); eye diagnosis and associated number of visits
and treatments; time, cost, and mode of transportation used
to attend the clinic; estimated number of work hours lost
due to travel to the clinic; and participants’ use and famil
iarity with wireless technologies. Finally, the degree of
interest in receiving ophthalmologic care remotely was
assessed using Likert scales, with responses ranging from
1 (“not interested”) to 5 (“high level of interest”). For
analysis, responses 1 to 3 were grouped as “Not
Interested” and responses 4 or 5 were recoded as
“Interested” in receiving teleophthalmology services.
Willingness to pay (WTP) for a teleophthalmology
appointment was also assessed using local currency
(Israeli New Shekel [INS]) and converted to United
States Dollars (USD) for analysis, rounded up to the
nearest dollar amount at the time of survey administration
(50 NIS equaling $14 USD at the time of analysis).

Statistical Analysis
Statistical analyses were carried out using IBM SPSS
Statistics for Windows, version 25.0 (IBM Corp.,
Armonk, NY, USA). Differences between groups were
conducted using the appropriate statistical tests (eg χ2,
Student’s t, and Mann–Whitney U-tests). Logistic regres
sion was applied to identify the effect of price on the
interest in telemedicine, adjusted for age, gender, and
education level. Statistical significance level is reported
at the two-sided 0.05 alpha level.

Results
A total of 215 patients were enrolled and responded to the
survey. Patient demographics are shown in Table 1. The
mean ± standard deviation age was 53.3 ± 22.3 years, and
57% of participants were men. More than one-third
(35.2%) of patients were attending the retina service and
40.9% reported ≥2 visits per year. Nearly three-quarters
(74.8%) had been diagnosed with their ocular condition
≥1 year prior. In total, 143 (66.5%) were interested in
teleophthalmology instead of coming to the clinic.
The characteristics of patients Interested and Not
Interested in teleophthalmology are shown in Table 2.
The average age of patients interested in teleophthalmol
ogy was significantly younger than that of those not inter
ested (48.8±22.7 years vs 62.4±18.3 years, P<0.001).
A total of 79 (37%) respondents indicated that they had
to miss work due to clinic visits, and those interested in
teleophthalmology were more likely to report missing
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Table 1 Participant Demographics and Clinical Characteristics
(N=215)
n (%)
Mean ± SD age

53.3 ± 22.3

Gender
Male

123 (57.2)

Country of Birth
Israel

145 (67.4)

Eastern Europe
Other

25 (11.6)
18 (8.4)

Western Europe

14 (6.5)

United States of America

13 (6.0)

Education Level
Up to secondary
Post-secondary

113 (52.6)
102 (47.4)

Diagnosis/Clinic
Retina

75 (35.2)

Glaucoma

30 (14.1)

Cataract
Other

24 (11.3)
20 (9.4)

Cornea

12 (5.6)

Neuro-ophthalmology
Uveitis

7 (3.3)
3 (1.4)

Pediatric

1 (0.5)

Not sure/Did not respond

41 (19.2)

Frequency of ophthalmologic visits per year
1
2

59 (27.4)
88 (40.9)

3

25 (11.6)

≥4

43 (20.0)

Discussion

Years since diagnosis
<1
1–5

52 (25.2)
119 (57.8)

>5

35 (17.0)

Abbreviation: SD, standard deviation.

work due to the visit (P=0.023). Gender, country of origin,
educational level, travel time, clinic waiting time, and
burden on an accompanying individual were not signifi
cantly associated with interest in teleophthalmology.
Those interested in teleophthalmology were more likely
to own both a computer and smartphone (P=0.003), have
previous experience with web-based conferencing services
(P=0.005), use the internet frequently (P<0.001), and envi
sion themselves using teleophthalmology (P<0.001).
Most responders arrived using a private car or motor
cycle (43.3%, n=62), followed by public transportation
(29.4%, n=42), taxi (13.3%, n=19), and by walking/
bicycle (14.0%, n=20) (Table 3). Over half of participants

Patient Preference and Adherence 2021:15

had a travel time of ≥20 minutes (20–60 minutes, 36.6%,
n=52; >60 minutes, 19.7%, n=28), while 43.7% (n=62)
travelled for <20 minutes to arrive at clinic. Estimated
travel cost for most individuals (78.6%, n=110) was <
$20. Those Interested in teleophthalmology were more
likely to indicate that they would save travel time and
money using teleophthalmology (median score 5.0 vs
3.0, P<0.001) and indicated a greater likelihood of getting
a routine follow-up test during an online meeting than
those at the clinic (median score 4.0 vs 2.0, P<0.001)
compared to those Not Interested.
A majority (70.4%, n=100) of interested respondents
indicated WTP out-of-pocket (ie privately, without the
participation of a health fund or co-pay) for teleophthal
mology. Of those willing to pay (n=118), 28% (n=33) were
willing to pay <$14, 31% (n=36) were willing to pay $14
to $28, and 42% (n=49) were willing to pay >$28. Those
willing to pay <$14 and >$28 USD were especially inter
ested in teleophthalmology (OR=9.83 and 8.10, respec
tively, both P<0.001) compared to those refusing to pay.
Those willing to pay between $14-$28 were 3.4 times as
likely to be interested in teleophthalmology than those
refusing to pay. Patients with a higher level of education
were more likely to be willing to pay for teleophthalmol
ogy services (OR=2.31, 95% confidence interval 1.05–
5.06; P=0.037) (Table 4). Age, gender, and frequency of
visits did not play a significant role in patients’ WTP outof-pocket.

Telemedicine saves time for patients and allows for more
widespread and consistent access to ophthalmologists,7–11
which is especially important during public health crises,
such as the COVID-19 pandemic with social distancing
requirements in place. Our study found that two-thirds of
215 ophthalmology patients surveyed at the Tel Aviv
Medical Center were interested in teleophthalmology in
place of physically coming to the clinic. Although further
studies of implementation and patient outcomes are neces
sary to assess the efficacy of virtual visits, we believe that
our present results can be used to justify and construct
pilot teleophthalmology programs.
Similar to other studies, we found that patients who do
not own or regularly use internet-connected devices and
older individuals are less likely to be interested in
telemedicine.23,24 We also found that patients who own
or frequently use internet-connected devices, those who
have prior experience with videoconferencing, and those
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Table 2 Factors Associated with Interest in Teleophthalmology
Total

Interested

Not Interested

(n=215)

(n=143)

(n=72)

P-value

Mean age [years, mean ± SD]

53.3 ± 22.3

48.8 ±22.7

62.4 ±18.3

<0.001

Loss of work due to visit? [% (n)]
Yes
No

36.9% (79)
63.1% (135)

42.3% (60)
57.7% (82)

26.4% (19)
73.6 (53)

0.023

Arrives to clinic with escort [% (n)]

37.9% (81)

38.7% (55)

36.1% (26)

0.709

Escort loses work hours [% (n)]

44.2% (42)

49.2% (32)

33.3% (10)

0.147

Ownership in household [% (n)]
Computer
Smartphone
Combination of both

9.2% (16)
14.5% (25)
76.3% (132)

6.6% (8)
9.9% (12)
83.5% (101)

15.4% (8)
25.0% (13)
59.6% (31)

0.003

Previous Use of Skype or similar web conferencing service? [% (n)]
Yes
No

76.4% (162)
23.6% (50)

82.3% (116)
17.7% (25)

64.8% (46)
35.2% (25)

0.005

Daily
Weekly, monthly, or yearly

71.0% (152)
18.2% (39)

81.0% (115)
14.1% (20)

51.4% (37)
26.4% (19)

<0.001

Never

10.7% (23)

4.9% (7)

22.2% (16)

Yes
No

53.3% (114)
17.3% (37)

67.8% (97)
3.5% (5)

23.9% (17)
45.1% (32)

Maybe

29.4% (63)

28.7% (41)

31.0% (22)

n/a
n/a

70.4% (100)
29.6% (42)

n/a
n/a

How often do you use the internet? [% (n)]

Do you see yourself using more web services for medical follow-up
and eyecare? [% (n)]
<0.001

Willingness to pay out of pocket for remote services [% (n)]a
Yes
No

n/a

Note: aData presented only for patients interested in teleophthalmology.
Abbreviations: SD, standard deviation; n/a, not applicable.

who had to miss work to attend clinic were significantly
more likely to express interest in teleophthalmology.
Optimizing
these
aspects
when
administering
a teleophthalmology program and targeting reservations
in certain populations with educational resources would
be integral to fluid implementation of telehealth services.25
Regardless of the potential for long-term cost-savings,
startup expenses for teleophthalmology will likely be an
obstacle to widespread implementation in healthcare
systems,26 though patients’ willingness to pay out-ofpocket for such appointments might help to balance such
expenses. For these reasons, we queried patients’ willing
ness to pay out-of-pocket for telemedicine, finding reas
suringly that the large majority of patents interested in
teleophthalmology were willing to pay out-of-pocket.
Interestingly, compared to those not willing to pay, we
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observed a greater interest in telemedicine among those
willing to pay <$14 and >$28 USD, possibly suggesting
that those with fewer or greater financial means value
teleservices more than those willing to pay the moderate
amount ($14 to 28 USD). Of note, a full face-to-face visit
to a hospital clinic costs approximately 80 USD, and the
amounts mentioned in the survey for willingness to pay
out of pocket were generally lower. Further research is
necessary to tease out these pricing intricacies and optimal
payment structures, eg sliding scale, fee-for-service, sub
scription- or insurance-based.
While telemedicine may improve patient access to care, it
is encouraging that a large proportion of our study partici
pants expressed interest in teleophthalmology. However,
older patients were less likely to express interest, even
though they may have the most to gain from teleservices

Patient Preference and Adherence 2021:15
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Table 3 Factors Related to Transportation and Willingness to
Pay
Out-of-Pocket
Among
Those
Interested
in
Teleophthalmology Services (N=143)
Willingness to Pay Out-ofPocket for a Telemeeting,
N (%)
Willing

Unwilling

Total

48 (47.5)

14 (33.3)

62 (43.4)

22 (21.8)

20 (47.6)

42 (29.4)

Taxi

14 (13.9)

5 (11.9)

19 (13.3)

Walk/bicycle

17 (16.8)

3 (7.1)

20 (14)

Mode of transportation to
clinic
Motorcycle/private car
Public transportation/special
service

Length of travel from home to
clinic
≤20 minutes

49 (49)

13 (31)

62 (43.7)

20–59 minutes

32 (32)

20 (47.6)

52 (36.6)

≥60 minutes

19 (19)

9 (21.4)

28 (19.7)

Estimated cost of travel to
clinic (including parking), USD
≤$10

60 (60.6)

22 (53.7)

82 (58.6)

$10–19

18 (18.2)

10 (24.4)

28 (20)

$20–49
≥$50

11 (11.1)
10 (10.1)

6 (14.6)
3 (7.3)

17 (12.1)
13 (9.3)

Abbreviation: USD, United States Dollars.

due to comorbid medical conditions limiting their ability to
attend in-person clinic and exacerbating their ocular condi
tions, and are more likely to experience disabling ocular
morbidity. Educational interventions may be necessary to
increase adoption in older patients, especially in a future
where telemedicine is increasingly pervasive due to pan
demics like COVID-19 limiting in-person visits. For
instance, interested patients indicated that they perceived
a benefit in the form of increased follow-up testing following
teleophthalmology visits; this benefit might be emphasized
for reluctant patients. Further, our finding that those with
additional education beyond secondary school are more

willing to pay out-of-pocket for teleophthalmology suggests
that a lack of knowledge may be a barrier to receiving
telemedicine. An educational program clearly elucidating
the benefits of virtual services, especially targeted towards
older patients, might enhance interest in this demographic.
Specific resources for older patients, including videoconfer
encing education, tips for optimizing communication when
wearing masks, and investment into hospital-provided, userfriendly devices, may improve usage in this population as
well.
Further investigation is necessary to evaluate how tele
ophthalmology should be most effectively implemented,
especially during epidemics or pandemics. Study of the
integration of teleophthalmology into existing electronic
medical infrastructure and investigation into optimal delivery
and reimbursement systems are needed, as well as the con
tinued development of teleophthalmology technology
itself.27,28 With further improvements, telemedicine may
greatly reduce disparities in healthcare access during times
of crisis, provide expanded care to an aging population, and
increase cost-effectiveness and efficiency of healthcare sys
tems globally. Nevertheless, the COVID-19 pandemic
showed that disparities in healthcare access were actually
amplified in some cases, rather than reduced. This is because
only those of high enough socio-economic status had robust
broadband technology at home and sufficient technical
savvy, which could adequately participate in these types of
video visits; this has been termed the “digital divide”.
Therefore, it is important to distinguish the different require
ments that this type of telemedicine has compared to others
where the patient is not responsible for technology.
One limitation of our study is that it was performed at
a large metropolitan medical center, thus the patient popu
lation may not be generalizable to other more suburban or
rural populations for whom telemedicine would greatly
benefit but who may not have wide access to requisite
technology. Additionally, surveys were administered in

Table 4 Association of Patient Characteristics with Willingness to Pay Out-of-Pocket for Virtual Consultation
Factor Associated with Willingness to Pay Out-of-Pocket

OR

95% CI

P

Lower

Upper

Age
Gender (male vs female)

0.996
1.589

0.978
0.752

1.014
3.356

0.657
0.225

Education Level (academic vs non-academic)

2.305

1.050

5.058

0.037

Loss of work due to clinic visit (yes vs no)

1.467

0.629

3.419

0.375

Abbreviations: OR, odds ratio; CI, confidence interval.
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English and Hebrew, potentially excluding a small number
of otherwise eligible patients who could not communicate
in either language. Further, we did not assess the associa
tion of visual function or diagnosis with answers to our
questionnaire, which may have had effects on patients’
answers. Lastly, as we did not study the implementation
of a teleophthalmology program, we cannot comment on
potential cost-savings or patient outcomes.

Conclusion
Most patients we surveyed were interested in using tele
ophthalmology services instead of attending clinic visits,
especially if they were younger and their visits were asso
ciated with loss of work. Experience with electronics,
video conferencing, and internet use were also associated
with interest. The vast majority of interested patients were
also willing to pay for such services. Targeting those
factors related to interest in telemedicine may increase
patient use of teleophthalmology, thus enhancing patientphysician communication and improving access to eye
care, which is important in the context of the COVID-19
pandemic and social distancing requirements. Utilizing
teleophthalmology may additionally contribute to earlier
diagnosis of chronic conditions, thus allowing earlier treat
ment implementation with better patient follow-up and
disease control.
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